1.
Graphs showing (a) area-altitude graph for Shoup Glacier, and (b) 
INTRODUCTION
The U.S. Geological Survey (USGS) has published a series of reports that integrate historical studies with bathymetry and the field data collected during the 1970's and 1980's in Alaskan fiords that contain tidewater glaciers. Although these data are used to speculate on late Holocene glacier advance/retreat history, the reports are preliminary and are meant to be a guide for further or more detailed research.
Reports in this series currently cover Aialik Bay (Post, 1980a) , Blackstone Bay (Post 1980b ), McCarty Fiord (Post, 1980c ), and Northwestern Fiord (Post 1980d 
Setting and History
Shoup Bay is located 8 mi west of Valdez, on the north side of Port Valdez in Prince William Sound (plate 1). A morainal shoal with a maximum depth of 15 ft below high tide encloses the entrance to the fiord. Two miles from the moraine, the bay heads in several bedrock obstructions and a sequence of moraines, outwash, and tidal flats. These impound a tidal basin into which Shoup Glacier terminates 3.3 mi from the mouth of the bay. Due to a cold microclimate, timber is sparse in the Shoup Glacier valley.
Shoup Glacier originates in the Chugach
Mountains at an altitude of approximately 7,000 ft and flows 18 mi to Shoup Basin. About"...erroneously represented upon several maps as made up of two glaciers which coalesce" (Tarr and Martin, 1914, p. 249) . A broad band of morainal debris covers the western edge of the glacier, but the remaining ice is relatively clean. The glacier has a surface area of approximately 60 mi2 and an accumulation-area ratio (AAR) of 0.61. The equilibrium line altitude (ELA) is approximately 3,400 ft. The distribution of surface area with respect to altitude is shown in figure 1.
In the early 1900's, Shoup Glacier was called "Canyon Creek Glacier" and was a source of ice for nearby Valdez and Fort Liscum (Grant and Higgins, 1913, p. 15) . Many gold prospects were located in this vicinity. The Cliff Mine, the most productive mine in Port Valdez area, was located about 0.5 mi east of Shoup Bay ( fig. 2 ) and operated from 1906 to 1915 (Johnson, 1915) . Many mines were located in the Shoup Glacier valley, and a trail extended up the glacier to claims at the Cameron-Johnson Camp, Rambler Camp, and Gold King Camp ( fig. 2 ). The latter mine was located 8 mi from tidewater, 3,750 ft above sea level on a nunatak "...rising out of Columbia Glacier" (Johnson, 1915) . None of these mines are presently active.
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BATHYMETRY
Shoup Bay was surveyed by the U.S. Coast and Geodetic Survey (1966) (now National Oceanic and Atmospheric Administration). Results from this survey were enlarged and adjusted to fit the current maps, and soundings were converted to feet and transferred to plate 1.
Soundings indicate that Shoup Bay is a steep-walled, flat-bottomed basin with a depth of approximately 200 ft. The low relief of the basin floor suggests that considerable sediment has accumulated (plate 2). The mouth of the bay is enclosed by an arcuate terminal moraine and has a maximum water depth of 15 ft ( fig.  3) . South of the shoal in Port Valdez, depths drop rapidly to approximately 800 ft, and bedrock may be as deep as 1,975 ft (Von Huene and others, 1967) . Located 1,800 ft above the floor of Port Valdez, Shoup Bay is a hanging valley that formed during more extensive Pleistocene glaciation (Tarr and Martin, 1914) .
At the head of the bay, several bedrock and sediment obstructions form a second shoal that impounds a tidal basin. In August 1982, a dory party from the USGS research vessel Growler collected bathymetry data in this recently exposed basin with a Ross SL600 depth recorder (plate 1). In 1990, Valdez residents John Cotter and Dave Janka (unpub.data, 1990) collected additional data in the part of the basin subsequently uncovered by the retreating glacier (plate 1). Soundings in the deepest part of the basin indicate that depths exceed 350 ft. 
LATE HOLOCENE HISTORY OF SHOUP GLACIER
The morainal shoal at the mouth of Shoup Bay is inferred to mark the maximum Holocene extent of Shoup Glacier. No direct evidence indicating the age of this moraine has yet been found; however, historical records imply that the glacier has not recently reached this extended position. Although Vancouver's survey party under Lt. Whidbey sailed into Port Valdez in 1794, they failed to mention the presence of Shoup Glacier (Vancouver, 1798) . More than 100 years later, Grant and Higgins (1913, p. 17) stated, "...[based on the vegetation] it seems improbable that the glacier has extended to the entrance of Shoup Bay within the last 100 years." Recent observations of vegetation cover support this conclusion. Dated fluctuations of other tidewater glaciers in the Prince William Sound area (Post, 1980d; Porter, 1989; Wiles and Calkin, 1993) indicate that Shoup Glacier may have begun advancing into tidewater 2,000 to 1,500 years ago and stabilized at the mouth of the bay between 1,500 and 1,000 years ago. It is unknown whether the glacier would have remained extended since that time or retreated and readvanced to reach the mouth of the bay at a later date. In either case, historical and botanical evidence and thick sediment deposits in Shoup Bay imply that retreat off the shoal began sometime prior to 1750. A reconstructed profile of the late Holocene maximum of lower Shoup Glacier is shown in figure 4.
After receding off the terminal moraine, the glacier retreated 2 mi to the head of Shoup Bay. On the basis of other glaciers receding in deep water, this retreat would have been relatively rapid and may have occurred within a few decades (Post, 1980d) . Following retreat, the terminus of Shoup Glacier stabilized on a bedrock shoal, where it was first described by Schrader in 1898 (Schrader, 1900) . While in this stable position, the glacier built a second moraine and a proglacial outwash delta and deposited at least 100 to 200 ft of fine-grained sediment and ice-rafted debris in Shoup Bay (plate 2 and fig. 4 ). When observed in 1905, 1908, 1909 (figs. 5 and 6) , and 1916 (plate 1 and figs. 2 and 4), the glacier was in virtually the same position as in 1898. Tarr and Martin (1914) observed "...the western half mile of the glacier ends in the bay, though in very shallow water, while the eastern quarter mile has a delta of outwash gravels and clay in front of it..." (p. 249), and "...willow, alder, and cottonwood, mature but perhaps not more than twenty to thirty years old, grow almost up to the very edge of the glacier." (p. 253). Grant and Higgins (1913, p. 17) surmised, "The glacier front 1916, 1966,1978, and 1990 terminus positions on the basis of historical mapping and aerial photography. Line of section A-A1 is shown in plate 2.
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is now close to its maximum extension in the last 15 and probably 50 years." The outwash delta continued to grow until the terminus only reached tidewater at high tide (Field, 1975) . All geologic evidence seems to indicate that Shoup Glacier terminated in this vicinity since at least 1850.
While on the shoal, the terminus of the glacier fluctuated about 350 ft, sometimes advanced and forming push moraines (Grant and Higgins, 1913) . Trimlines and survey photographs from the 1930's indicate that ice thickness was decreasing during this interval of terminus stability. According to Field (1975, p. 366) , the ice surface was lowered "...on the order of 100 m. [330 ft] in the lower part of the glacier..." between 1898 and 1957.
In 1957, after more than 100 years of relative stability, the terminus again began to retreat. Once the glacier receded off the shoal and into deep water, retreat was controlled by water depth (Brown and others, 1982) . The retreat rate increased once the terminus was in water deeper than about 35 ft ( fig. 7) . However, retreat rates do not correlate well with water depths across the basin, indicating that other factors affect calving rates along the terminus. Between 1957 and 1990, the glacier retreated approximately 1.3 mi, exposing a tidal basin more than 350 ft deep. Trimlines and exposed bedrock at the western base of the icefall indicate that the rate of thinning has accelerated during the last 30 years. The reconstructed profiles of lower Shoup Glacier in 1978 Glacier in , 1982 Glacier in , and 1990 are shown in figure 4.
Aerial photography reveals a series of late Holocene lateral moraine benches along the west margin of the glacier about 1.3 mi west of the 1990 terminus. These moraines may correlate with the terminal moraine at the mouth of the bay and the 19th-century moraine. Since Shoup Glacier has retreated off the morainal shoal, most of the sediment produced by the glacier has been deposited in Shoup Basin. Lateral streams on the southwestern side of the glacier are discharging a large percentage of the debris entering the basin. Because little morainal debris is visible on the glacier, sedimentation of ice-rafted debris is presumably low. Sounding lines obtained in 1982 reveal irregular bottom topography ( fig. 8) , implying that very little sediment has accumulated in the deepest area of the basin since the ice retreated. 
CONCLUSIONS
If present conditions persist, Shoup Glacier will likely continue to retreat until the terminus reaches the head of Shoup Basin. Based on the topography of the glacier, recession to the head of tidewater will be less than about 0.5 mi west of the 1990 terminus. At the current rate of retreat (200 ft/yr) Shoup Glacier should stabilize shortly after 2000. At that time, the AAR of the glacier will be about 0.65, which indicates a state of equilibrium. Readvance into the basin is unlikely, for this would require a more positive mass balance that presently exists (that is, lowering the ELA) and the construction of a terminal moraine to minimize calving.
